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effects, khat chewing has been associated with an increased risk of myocardial infarction (MI) in
heavy consumers. This study was carried out to examine the direct effects of Catha edulis extract
on contractility of spontaneously contracting, isolated rabbit heart and to investigate its mechanism
of action. Isolated six rabbit’s hearts attached to a Langendorff apparatus were perfused with
extract at a constant ﬂow rate and continuously bubbled with a 95% O2/5% CO2 gas mixture. Each
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94 F.H. Al-Hashem et al.edulis extract. Varying concentrations of extract (50, 100 and 250 mg/ml) were loaded in the perfus-
ate, their effects recorded and efﬂuent ﬂuid collected for assay of cardiac enzymes. Histological
examination of the cardiac tissue was performed at the end of perfusion with 250 mg/ml extract.
This study revealed that acute exposure to C. edulis extract exerted negative inotropic and chrono-
tropic effects on isolated hearts. The extract also had a vasoconstrictor effect on coronary vessels,
independent of a1 adrenergic receptor stimulation. Histological examination of hearts perfused with
250 mg/ml C. edulis extract revealed the presence of histological changes unique to myocardial
infarction, a ﬁnding consistent with observed increased levels of cardiac enzymes in perfusates.
Thus, we have demonstrated experimentally a direct cardiac depressant- and MI inducing effects
of C. edulis extract. These results are consistent with the earlier reported deleterious effects of khat
on cardiovascular function among khat chewers.
ª 2011 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Khat (Catha edulis) is a dicotyledonous evergreen shrub of the
family Celastraceae (Kennedy, 1987) which goes by different
names in the countries of Southern Arabia and the Horn Afri-
ca in which it is habitually chewed. Khat (qat, kat, cat or ghat)
is called ‘‘tchat’’ by the Amharas, ‘‘jimma’’ by the Gallas and
‘‘miraa’’ by Kenyans. The environment and climatic condi-
tions in which it is grown determine the chemical proﬁle of
khat leaves and to some extent, its taste. In the Yemen Repub-
lic, there are about 44 different types of khat found in different
geographic areas of the country (Geisshusler and Brenneisen,
1987; Al-Motarreb et al., 2002a,b). Its taste varies consider-
ably, depending on tannic acid content. In general, khat leaves
have an astringent taste and an aromatic smell but the young
leaves are slightly sweet (Al-Motarreb et al., 2002a,b).
The habit of khat chewing is considered a major medical
and socio-economic problem in the countries of Southern Ara-
bia and the Horn of Africa (Kalix, 1984; Kalix and Braenden,
1985; Alem, 1999; Belewe, 2000). People chew fresh young
khat leaves for their stimulant and pleasurable effects (Al-
Mamary et al., 2002) which are mainly attributed to cathinone
(Kalix, 1990). The stimulating and euphoric effects of khat can
provide a strong incentive for the user to obtain his daily sup-
ply and to spend hours indulging in khat chewing periods,
especially as tolerance develops with regular use. This strongly
suggests development of psychic or physical dependence or
both in the user. The medical and socio-economic impact of
khat use on society is a source of debate as to whether khat
should be classiﬁed as a substance of abuse and banned.
Khat contains many different compounds and, therefore,
khat chewing may have many different effects (Cox and Ram-
pes, 2003). Intuitively, khat has for long been considered
harmful to health. Current literature contains an increasing
number of reports on this issue, and the list of possible adverse
health effects of khat-chewing is rapidly expanding. Halbach
(1972) asserted that khat-chewing causes a number of health
disturbances including stomatitis, esophagitis, gastritis, consti-
pation, malnutrition, liver cirrhosis, anorexia, insomnia, sper-
matorrhoea and impotence. He also claimed that migraine,
cerebral hemorrhage, myocardial insufﬁciency including in-
farcts and pulmonary edema have been described after khat in-
take. Luqman and Danowski (1976) added gastric ulcers,
hemorrhoids, urinary bladder hypotonia, poor lactation and
schizophrenia to the list, but they stated that the effect of khat
on sexual behavior is not consistently negative, as suggested by
Halbach (1972).Mancioli and Parrinello (1967) detected cases of angina or
disorders of the peripheral circulation, with increasing khat
use. Rymond-Hamet (1965) showed that khat leaf extracts in-
crease adrenaline-induced hypertension and renal vasoconstric-
tion. In the central nervous system, khat amines were found to
induce dopamine release from dopaminergic neurons and sero-
tonin (5-HT) in a dose-dependent manner (Glennon and Leibo-
witz, 1982). In peripheral nerves, khat amines induce release of
nor-epinephrine from its storage sites leading to facilitation of
sympathomimetic effects (Kalix and Braenden, 1985).
Myocardial infarction (MI), the necrosis of myocardial tis-
sue as a result of prolonged ischemia, is dependent in both rate
of development and degree on the extent of reduction of local
blood ﬂow (Toﬂer and Stone, 1986). Traditionally, the patho-
genesis of ischemic heart disease has been attributed to an
imbalance of myocardial oxygen supply and demand (Singh,
1986). The association between khat-chewing and MI has been
studied by various workers; in a case-control study, Alkadi
et al. (2002) found that khat-chewing increased the risk of
MI, with an odds ratio of three. However, neither selection cri-
teria nor demographic data were described, so a ﬁrm conclu-
sion cannot be made from their study. Al-Motarreb et al.
(2002) reported that khat-chewing resulted in a signiﬁcant shift
in the presentation time of MI; most MI cases in khat-chewers
occurred in the afternoon. They also found that a signiﬁcant
proportion (20%) of khat-chewers with MI were young (20–
39 years); however, 80% of their subjects were also cigarette
smokers and with no adjustment for the confounding effects
of smoking, it is not possible to tell whether their ﬁndings were
due to either or both habits. More recently, however, a well de-
signed case-control study showed, after adjustment for the ef-
fect of potential confounders, that khat-chewing was
associated with an increased risk of MI in a dose-dependent
manner; heavy chewers had a 39-fold increased risk of MI
(Al-Motarreb et al., 2005).
Thus, the current study was carried out to ﬁll the lacuna on
data regarding the direct effects of C. edulis extract on isolated
mammalian heart and with the aim of establishing an associa-
tion between khat and MI.2. Methods
2.1. Preparation of C. edulis shrub extract
About 187 g of fresh khat (stem tips and leaves) were obtained
through the General Department of Narcotics Control of
Acute exposure to Catha edulis depresses contractility and induces myocardial infarction 95Aseer region of southwestern Saudi Arabia. The plant material
was washed, dried and extracted with 500 ml of water–ethanol
mixture (70/30%, V/V) at room temperature overnight. The
ﬁltrate was evaporated in a vacuum at 40 C to remove all
traces of ethanol (Ibrahim et al., 1991). The resultant etha-
nol-free extract (20 g), constituted about 10.7% of the original
dry material, which was dissolved in freshly prepared normal
saline to a ﬁnal stock solution with a concentration of 0.5 g/ml.
2.2. Animals
This study was carried out at the Physiology Laboratories of
the college of Medicine, King Khalid University between 23
October and 23 November 2009. Six adult white albino male
rabbits weighing between 2 and 3 kg were used for the experi-
ments with the approval of the Department of Physiology Eth-
ical Committee, Medical School, King Khalid University,
Abha, Saudi Arabia. The animals were obtained from the ani-
mal house of the College of Medicine of King Khalid Univer-
sity where they were fed with standard rabbit pellets and
allowed free access to water. They were housed at a controlled
ambient temperature of 25 ± 2 C and 50 ± 10% relative
humidity, with 12-h light/12-h dark cycles. All studies were
conducted in accordance with the National Institute of
Health’s Guide for the Care and Use of Laboratory Animals
(National Institute of Health, 1996).
2.3. Experimental procedure
2.3.1. Preparation of the isolated hearts
This was done in accordance with the Langendorff procedure
(Langendorff, 1985). A rabbit was injected with 1000 IU of
heparin intravenously through the marginal ear vein. Five min-
utes later, the rabbit was sacriﬁced; its heart was dissected out
with about 1 cm of aorta attached, and transferred as quickly
as possible into a Petri-dish containing Ringer-Locke solution
(NaCl; 45.0 g, NaHCO3; 1.0 g, D-glucose; 5.0 g, KCl; 2.1 g,
CaCl2Æ2H2O; 1.6 g, in 5 L of distilled water). The isolated heart
was gently squeezed several times to remove as much residual
blood as possible. The heart was transferred to the perfusion
apparatus and tied to a glass cannula. The perfusion ﬂuid
was Ringer-Locke solution, which was continuously bubbled
with a mixture of 95% oxygen and 5% carbon dioxide (Lange-
ndorff, 1985). The ﬂuid was applied at a constant ﬂow rateFigure 1 Experimefrom a reservoir maintained at 37 C by water circulated
through a thermostatic water bath (Langendorff, 1985).
2.3.2. Recording of contractility and heart rate
The mechanical responses of spontaneously contracting, iso-
lated hearts were recorded on a Narco Bio physiograph
(MKIII-S, Narco Bio Systems, USA) by attaching one end
of a thread to the apex of the heart using a Palmer clip and
the other end of the thread to a force transducer (P-1000B;
Narco Bio Instruments), after passing it through 2 pulleys.
The physiograph paper speed was adjusted to 0.25 cm/s. Con-
tractility was measured as the mean height in mm of successive
4 cardiac contraction peaks and the heart rate as the number of
beats per min. For each experiment, responses before and after
administration of the extract served as its control.
2.3.3. Protocol of experiments (Fig. 1)
The heart was ﬁrst stabilized for 15 min then adrenaline
(0.05 mM) and calcium chloride (0.24%) were given before
the beginning of the experiment procedure to record the sensi-
tivity of the heart. The extract was administered in the perfu-
sion in graded concentrations of 50, 100 and 250 mg/ml. The
next higher dose of the extract was administered only after
recovery from the previous dose. Each extract administration
was washed out for 5 min, before another dose of extract
was introduced. For each concentration of extract, cardiac
contractions were recorded for 2 min. To determine the effect
of the extract on Ca++ channels, 250 mg/ml of the extract was
given ﬁrst and the effect recorded, then excess calcium at two
different concentrations (0.24% and 0.48%) were loaded into
the Ringer-Locke solution and their effects recorded. To dem-
onstrate the effects of extract on a1-adrenergic receptors, a
selective a1-adrenergic receptor blocker (Prazosin) was given
followed by 250 mg/ml of the extract and the effect was re-
corded. At the end of recording of, the hearts treated with
250 mg/ml of C. edulis extract were processed for routine his-
tological examination.
2.3.4. Histological studies
Histological examination of cardiac tissues was carried out by
routine histological procedures. Tissue ﬁxation was done
immediately after the end of the experiment, with 10% neutral
buffered formaldehyde solution (pH 7.0). Tissue processing
was carried out as per the schedule for dehydration, clearingntal procedure.
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parafﬁn and allowed to cool to form a block of parafﬁn with
the tissue. The block was trimmed to remove parafﬁn overlay-
ing the tissue and sections of 5 lm thickness were cut and
mounted on clean glass slides which had been smeared with
a drop of Mayer’s egg albumin. It was then dried on a hot
plate at about 50 C for 30 min, stained with hematoxylin eo-
sin, and examined under a light microscope and photographed.
2.3.5. Biochemical measurements
The efﬂuents were collected 1 min before and after the infusion
of the extracts (50, 100, 250 mg/ml) and were used for measur-
ing the levels of creatine kinase (CK), lactate dehydrogenase
(LDH) and aspartate transaminae (AST) using commercial
available kits according to the manufacture’s instruction.
The levels of these enzymes in the efﬂuent collected before
the infusion of the extracts served as control level.
2.4. Statistical analysis
At different stages of the study, the collected data were com-
piled and fed into a computer. SPSS package version 16 was
used for statistical analysis using student’s t-test. The dataFigure 2 Effect of hydro-ethanol extract of Catha edulis on the heart
250 mg/ml. Results are mean ± SD, n= 6, * signiﬁcantly different frwere expressed as mean ± SD and t values of P< 0.05 were
considered statistically signiﬁcant.
3. Results
The direct effects of different doses of the hydro-ethanol ex-
tract of C. edulis on heart rate are depicted in Figs. 2 and 4.
The data indicate that at a dose of 50 mg/ml, the extract pro-
duced no signiﬁcant effect on heart rate. Above this dose (100
and 250 mg/ml) the extract signiﬁcantly decreased heart rate in
comparison to the control value. The depressant effect of 100
and 250 mg/ml doses followed a time dependent pattern with
the maximum decrease occurring 90 s after administration of
the 100 mg/ml dose.
Figs. 3 and 4 show the effect ofC. edulis extract on force of
contraction, measured as amplitude of contraction in mm. The
data show signiﬁcant decreases in force of contraction for all
doses of the extract tested. The depressant effect of the extract
on force of contraction showed a dose–time dependent de-
crease in the force of contraction with the maximum decrease
occurring 90 s after administration of 250 mg/ml. Fig. 4G and
H also shows that neither the administration of two and four-
fold excess calcium (0.24% and 0.48%) nor an a-1 adrenergicrate of isolated rabbit’s heart. (A) 50 mg/ml, (B) 100 mg/ml and (C)
om control at P< 0.05.
Figure 3 Effect of hydro-ethanol extract of Catha edulis on the force of myocardial contraction of isolated rabbit’s heart. (A) 50 mg/ml,
(B) 100 mg/ml and (C) 250 mg/ml. Results are mean ± SD, n= 6, * signiﬁcantly different from control at P< 0.05.
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fects of C. edulis on the isolated heart.
Levels of cardiac markers in the efﬂuent from the isolated
heart are shown in Table 1. LDH, CK and AST were all signif-
icantly increased in the perfusate from isolated hearts exposed
to extract in comparison to controls.
The histological study shown in Fig. 5 revealed that the
myocardium in normal isolated hearts perfused with Ringer-
Locke solution (A) shows normal microscopic architecture.
Contrarily, isolated hearts exposed toC. edulis (250 mg/kg) ex-
tract showed several histological changes unique to early myo-
cardial infarction, including contracting bands (B), wavy ﬁbers
(C), increased hyalinization (D and F) and karyolysis (C and
E).
4. Discussion
The isolated heart offers an experimental model which permits
the evaluation of the direct actions of C. edulis extract on the
spontaneously beating organ, not attributable to variations in
autonomic tone, preload or after load. In this study, hydro-
ethanol extract of C. edulis produced cardiotonic effects, char-
acterized by negative inotropic and negative chronotropic re-
sponses. The depressant effect of 50 mg/ml of C. edulishydro-ethanol extract signiﬁcantly affected the force of con-
traction but not the rate. At higher extract concentrations
(100 and 250 mg/ml), both the rate and force of contractions
were depressed.
Most important electrolytes like sodium, potassium, cal-
cium, magnesium and bicarbonate provide inorganic chemicals
for biochemical processes as well as act at the cell membrane to
allow transmission of electrochemical impulse in nerve and
muscle ﬁbers (Kokko and Tannen, 1990). The intracellular cat-
ion; calcium (Ca++) plays a signiﬁcant role in the regulation
of normal physiology and biochemistry of cardiac and smooth
muscles. Dysregulation of these processes is an important fac-
tor in the genesis of various arrhythmias (Bassett et al., 1997).
It is well known that in cardiac muscle the higher the stimula-
tion rate, the stronger the contraction forces. The mechanism
underlying this process is an enhanced Ca++ membrane inﬂux
(Chang et al., 2002). In contrast; however, the extract pro-
duced a huge negative inotropic effect at a dose–time depen-
dent manner with the maximum decrease in contractility seen
after 90 s of the 250 mg/ml dose. The mechanism of Ca++ re-
lease from the sarcoplasmic reticulum of cardiac muscle ﬁbers
is through special channels called Ca++ sensitive release chan-
nels. It has been reported that these channels, also called ‘Ryrs’
can be inhibited by the plant alkaloid, ryanodine, as well as by
Figure 4 Cardiotonic effect of Catha edulis hydro-ethanol crude extract on the isolated rabbit’s heart. (A) Control, (B) positive inotropic
effect of excess calcium (0.24%), (C) adrenalin effect showing positive inotropic and chronotropic effects, (D) 50 mg/ml of the extract
shows negative inotropic effect, (E) 100 mg/ml of the extract showing negative inotropic and potent negative chronotropic effects, (F)
250 mg/ml of the extract that shows potent negative inotropic and negative chronotropic effects, (G) negative inotropic and chronotropic
effect of Catha edulis extract (250 mg/ml) with no effect of excess calcium (0.24% and 0.48%) on force of contraction, and (H) negative
inotropic and chronotropic effects of the extract in the presence of a-adrenergic blocker.
Table 1 The levels of lactate dehydrogenase (LDH), creatine phosphokinase (CPK) and aspartate aminotransferase (AST) in the
perfusate of the isolated rabbit heart in all experimental groups.
Parameters Control 50 mg/ml extract 100 mg/ml extract 250 mg/ml extract
LDH (U/L) 12.67 ± 2.33 171.83 ± 16.43* 266.67 ± 16.68* 322 ± 23.76*
CK (U/L) 20.83 ± 6.08 80 ± 6.29* 118.83 ± 5.41* 144 ± 9.01*
AST (U/L) 1.5 ± 0.84 9.3 ± 2.16* 23.5 ± 1.87* 33.33 ± 2.73*
* Signiﬁcantly different at P< 0.05. For each beating heart, enzymes levels in the efﬂuent collected from hearts after the addition of Catha
edulis extract were compared with their control values of the efﬂuent collected before the addition of the extract.
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Figure 5 Histopathology photomicrographs (100·): normal (A). Catha edulis treated rabbits (B–F). Photomicrographs from B–F shows
features of myocardial infraction in which B represents contracting band (arrow), C shows wavy ﬁbers (arrow) and karyolysis (arrow
head), D shows increased hyalinization (arrow), E shows karyolysis (arrow) and F shows increased hyalinization and apoptosis.
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extract may produce its effect by a similar mechanism. This
hypothesis was tested in the present study by perfusing the iso-
lated heart with Ringer-Locke solution containing increased
Ca++ concentrations of 0.24% and 0.48% (representing two-
fold and fourfold increases relative to normal) immediately fol-
lowing exposure to C. edulis extract (250 mg/ml). Excess
Ca++ had no effect on the depressant effect of the extract,
backing our suggestion that the extract has an antagonistic ef-
fect on ryanodine receptors.
In the spontaneously beating heart, the higher concentra-
tions (100 mg/ml and 250 mg/ml) of the aqueous extract of
C. edulis produced a time dependent negative chronotropic
effect with the maximum decrease seen about 90 s after expo-
sure to the 100 mg/ml extract concentration. Mechanisms
which may account for the slow diastolic depolarization, seen
between two successive action potentials of myocardial pace-
maker cells, may include one of the following: (1) a slow in-
ward Na+ current, If, the so-called ‘funny current’ that is
induced by cell hyperpolarization; (2) a temporal decrease
of the outward K+ current due to a time-dependent decay
of the membrane K+ conductance; (3) a low background
K+ outward current; (4) an inward Na+/Ca++ exchange
current, and (5) an inward T-type and L-type Ca2+ current
(Lipsius et al., 2001). The individual contributions of these
currents to pacemaker function are, however, controversial.
The extract produced a negative chronotropic effect in a
dose–time dependent manner with the maximum effect
appearing with 100 mg/ml. To decrease the heart rate, oneor more of the currents mentioned above, would be altered.
A strong candidate would be if (funny Na
+ channels) which
are responsible for Na+ pace maker current that causes dia-
stolic depolarization. A slowing of this membrane current
would produce negative chronotropism. Intracellular trans-
membrane potentials were not recorded in this study, so no
deﬁnitive statement can be made at this time. Another possi-
ble mechanism for the observed decreased heart rate is a
stimulatory effect of the extract on the muscrinic (m2) recep-
tors located in the sinoatrial node which produce excess
hyperpolarization through iKACh (acetylcholine activated)
and decrease diastolic depolarization and heart rate. Thus,
the effect of C. edulis extract might be related to an acetyl-
choline-like mechanism leading to an increase in the hyper-
polarizing outward K+ current.
Various studies have reported inhibition or activation of
Na+–K+ ATPase activity during cardiovascular problems
(Fabiato, 1985; Lees, 1991; Wang et al., 2001). This inhibition
of Na+–K+ ATPase, similar to the action of cardiac glyco-
sides (Akera and Brody, 1977) ultimately leads to increased
intracellular Ca++ concentrations through Na+/Ca++ ex-
change and an associated increase in slow inward Ca++ cur-
rent (Fabiato, 1985; Wang et al., 2001) and transient Ca++
current (McGarry and Williams, 1993). According to this
hypothesis, a possible stimulatory effect of the aqueous extract
on Na+–K+ ATPase activity would lead to a decrease in the
slow inward Ca++ current in the heart cells and by this mech-
anism the extract would produce its depressant effect. Further
studies are required to demonstrate this effect.
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sis of myocytes in the affected area of the heart (Carmeleit,
1999). Hypoxia and cardiac muscle necrosis may be caused
by spasm of coronary vessels. During the infusion of the ex-
tract, the heart became pale and the efﬂuent ceased completely
which indicates, indirectly, intense diffuse coronary spasm. In
this experiment, cardiac enzymes were signiﬁcantly increased
and microscopic examination of the cardiac tissues of all C.
edulis extract treated groups revealed evidence of myocardial
infarction. These histopathological changes include: wavy ﬁ-
bers, fragmentation of muscle ﬁbers, hyaline necrosis, eosino-
philic myocyte cytoplasm, loss of transverse striations and
nuclear pyknosis, followed by karyorrhexis, karyolysis and to-
tal loss of nuclei. Histopathological examination of myocardial
tissue from control hearts showed clear integrity of the myo-
cardial cell membrane and the enzymes release were within
normal levels. It was demonstrated that cathinone exerts a
marked coronary vasoconstrictor effect in guinea-pig isolated
hearts, leading to ischemia (Kalix, 1992). Earlier studies had
reported that, C. edulis indirectly stimulates a-1 adrenergic
receptors located on smooth muscles of coronary blood vessels
in innervated hearts through the release of noradrenaline from
adrenergic nerve terminals (Nakamura, 1981). The resultant
increase in cytosolic Ca++ would then increase smooth muscle
contraction and vasoconstriction. However, our ﬁndings were
different- the infusion of a-1 adrenergic blockers before the
exposure to the extract failed to protect isolated hearts. This
may be because the isolated hearts in our study were dener-
vated and our ﬁndings suggest an alternative mechanism of
vasoconstriction.
The present study, which was carried out on spontane-
ously beating, ex vivo isolated rabbit hearts, demonstrated
that C. edulis aqueous extract is a strong cardiac depressant
of both heart rate and contractile force, and also induces
development of acute myocardial necrosis. Corresponding
in vivo studies are required to complement these ﬁndings.Acknowledgments
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